ABSTRACT
3
( Morris et al, 2010) . Pectin properties can also be modified by their reaction with ammonia under 
83
Typically the use of alginates and pectins for encapsulation of probiotics give excellent encapsulation 84 efficiencies of 90-100 % (Shori, 2017) .
85
In this work the ability of different pectins to form calcium gel capsules was evaluated and the with CaCl2, and were left to harden for 30 min. The distance from the surface of the solution and the 122 needle was 10 cm. After hardening, the pectin gel beads were removed from the solution via filtration.
123
Chitosan coated capsules were prepared by dispersing pectin gel beads in 10 mL chitosan solution
124
(0.4% w/v in 0.1 M acetic acid; pH set to 6 using 1M microfiltered NaOH,) under gentle stirring for 10 125 minutes and then subsequently were removed by filtration. In order to produce probiotic containing capsules, the L. casei suspension was mixed with 3% 130 amidated pectin solution (1:9 volume ratio) and the capsules were generated by extrusion and coated 131 as described above. The viability and bacteria release studies are described in terms of quantity of 132 extruded pectin (each batch of capsules corresponds to 1 mL of extruded pectin solution). The morphology of the gel beads prepared using various types and different concentrations of 137 pectin (1, 2, and 3 w/v % of amidated, low methyl ester and high methyl ester pectins) was evaluated 138 with a light microscope (Leica DM2500). Gel beads were examined under ×1.6-2.5 magnification. The diameters of uncoated beads were determined with a light microscope (Leica DM2500) and 143 using an image analysis software (ImageJ). The compressive strength was determined using Texture conditions, SGJ (10 mL, pH 2.0) was added to cells and incubated at 37°C with shaking at 100 rpm.
159
After 15 min, 30 min, 60 min and 120 min intervals an aliquot (1 mL) of the SGJ was diluted in 9 mL 160 PBS and enumerated using spread plating method described above.
161
For encapsulated bacteria, 3 batches with L. casei were prepared from the same broth of cells.
162
Two of these batches were transferred into SGJ and incubated at 37 °C with shaking at 100 rpm. The 163 third batch was transferred into 100 mL of PBS and incubated for 1 h at 37 °C with shaking at 100 164 rpm. These batches were then homogenized in Seward stomach 400 circulator for 20 min at 230 rpm)
165
and enumerated to give the initial bacteria concentration. The two batches of beads in the SGJ were 166 removed after 1 and 2 h of incubation. These beads were placed into 100 mL of PBS and incubated for 167 1 h at 37 °C with shaking at 100 rpm. Then the beads were dissolved and enumerated using the 168 methods described above. The release of bacteria from the capsules was studied during 120 min of incubation the 173 capsules in SGJ for 2 h (pH 2.0, 10 mL at 37°C with shaking at 100 rpm); then these were removed via 174 filtration and placed into simulated intestinal juice for 3 h (pH 7.2, 100 mL at 37°C with shaking at 6 100 rpm). Then this mixture was transferred into Seward stomach 400 circulator for 20 min (230 rpm The thickness of the chitosan coat was determined by fluorescent microscopy using a Leica 183 DM2500 microscope. The lyophilized FITC-chitosan was dissolved in 0.1 M acetic acid to form 0.4%
184
(w/v) solution, with pH adjusted to 6.0 using 1 M NaOH. This was then used to coat pectin beads as 185 described in section 2.3. The bead images were taken using a Leica DM2500 fluorescent stereo-186 microscope. The thickness of coating layer was determined using ImageJ. The influence of pectin concentration on the formation of gel beads was initially investigated.
198
Three different types of pectin were studied as potential materials to form calcium pectinate gel As expected, it was found that with increasing the concentration of pectin, the size and showed no loss in cell viability, resulting in a cell recovery of 9.6 logs CFU/mL, which proves that a 317 pectin chitosan coated system effectively protects the cells in a very acidic environment. This also 318 suggests that chitosan coating alone is responsible for total acid protection. In order to be effective as enteric delivery system, the capsules must preserve the viability of the 
337
As the produced pectin-chitosan coated capsules provided good results in the acid challenge test, 338 their ability to deliver cells to the intestine was investigated. In this in vitro experiment,
339
gastrointestinal passage was simulated by exposing the capsules to low pH in the stomach during 2 340 hours, followed by exposure to the high pH encountered in the intestine for 3 hours. The main aim of 341 this experiment was to understand the release profile of the bacteria in the GI tract. It was observed 342 that no cells were recovered during gastric transit, but crucially after 1 hour of transferring to SIJ a 343 quick release effect was seen and a complete cell recovery was achieved (Fig.6) . Disintegration of the suggesting that these capsules are suitable for gastrointestinal delivery of viable cells. In the future, the 361 evaluation of sensory characteristics of these capsules will be of interest. 
